INTRODUCTION
============

The movement of food in the oral cavity towards the pharynx differs depending on the type of food (liquid or solid).[@B1] For children with dysphagia, abnormalities in the pharyngeal phase often accompany oral-motor dysfunction. Reilly et al.[@B2] reported that over 90% of children with cerebral palsy have oral-motor dysfunction and 38% of them have swallowing problems. Rogers et al.[@B3] conducted a videofluoroscopic swallowing study (VFSS) on 90 children with cerebral palsy who complained of difficulty in swallowing. Their results showed that 98% of these children displayed abnormalities in the oral phase, 99% showed abnormalities in the pharyngeal phase, and 38% showed evidence of food aspiration. Oral-motor dysfunction is considered less severe than aspiration or penetration, and is often overlooked clinically. However, it is possible that oral-motor dysfunction may cause aspiration during swallowing, which may cause failure to thrive.[@B4],[@B5]

In order to provide proper treatment for each of the various causes of dysphagia, a process for evaluating abnormalities during the entire process of swallowing (that is, the assessment of oral, pharyngeal, and esophageal function) is required.[@B5] VFSS is the most widely used diagnostic method for dysphagia in the clinical setting.[@B6] However, when VFSS is conducted in children, there are many limitations, especially during the oral phase of the assessment. Due to the use of various devices such as the fluoroscope, and the nature of the testing environment, children can experience fear when being evaluated by VFSS, which causes them to cry and resist the procedure. For children who resist strongly or do not stop crying, the test can be continued by forcibly injecting food, and in such cases, evaluation of the oral phase is problematic. Furthermore, in order to reduce the duration of exposure to radiation, the testing time must be minimized, and in the case of infants, the test should be completed within 60-90 seconds. Moreover, it is recommended that total radiation exposure during testing should not exceed a maximum of 2 minutes.[@B7] Because the test should be completed within 1-2 minutes, it is usually difficult to obtain an accurate observation of the oral phase. Furthermore, since barium contrast is mixed into the food for the purpose of testing, it is different from the food typically consumed by the children, and may thus affect the results of the oral phase.

The Schedule for Oral Motor Assessment (SOMA) is an assessment tool developed by Reilly et al.[@B8] for the objective assessment of oral motor function in infants, with a proven reliability and validity based on previous studies.[@B8],[@B9] However, studies using SOMA for clinical assessment of oral-motor dysfunction have not been performed in Korean patient populations. There have been some cases where pharyngeal and oral abnormalities were investigated using a VFSS in Korean children,[@B10]-[@B12] but no studies have used SOMA for the diagnosis of oral-motor dysfunction.

This study was designed to assess the clinical usefulness of SOMA for the evaluation of oral phase in children that were requested to undergo VFSS to evaluate dysphagia.

MATERIALS AND METHODS
=====================

Subjects
--------

From June 2009 to June 2010, 33 children between the ages of 6 and 48 months that were referred for a VFSS due to dysphagia were selected as subjects for the retrospective study. Children who were feeding via nasogastric tubes at the time of testing were excluded from the study due to the risk of aspiration. The average age of the subjects at the time of the test was 17.3±12.1 months (range: 6-48 months). The patient sample consisted of 21 boys and 12 girls.

Methods
-------

### VFSS

The VFSS was conducted by modifying Logemann\'s protocol,[@B6] and was performed in a fluoroscopy laboratory by an experienced speech-language pathologist and a physiatrist. Subjects were placed in a sitting position, and swallowing was recorded from the lateral and anteroposterior view using radioactive fluoroscopic equipment (Shimavision 3200 HG, Shimadzu, Kyoto, Japan). To improve cooperation by the children, the test was conducted with the assistance of the main caregiver. In situations involving children who were only fed milk, liquid barium (Barium sulfate; Solotop sol 140, Tae Joon Pharmaceutical) was mixed with the milk and then transferred to a bottle to be given to the children for testing. For children who received baby food, a meal including milk, ground apple, and porridge was given (in that order) in conjunction with cookies and milk. Liquid barium was mixed with the food to permit the observation of a food bolus for fluoroscopy.

The VFSS was recorded on video and the recording was interpreted by a speech-language pathologist and a physiatrist. The closing of the lips, food bolus formation, oral residues, and passing time for the oral phase were observed. If any abnormal findings were not observed in all categories, the result was classified as normal for the oral phase. Otherwise, the result was classified as abnormal. For the pharyngeal phase, the swallowing reflex, laryngeal elevation and closing of epiglottis, the presence of residues in the epiglottic vallecula and pyriform sinus, opening of the upper esophageal sphincter, and the passing time in the pharynx were assessed. The degree of aspiration was divided into supraglottic penetration and aspiration. Supraglottic penetration referred to when the contrast media passed on top of the vocal folds, but not below the vocal folds. Aspiration was defined as the passing of the contrast media below the vocal folds. When supraglottic penetration or aspiration was observed, it was classified as abnormal for the pharyngeal phase. Furthermore, if other mild pharyngeal abnormalities or additional abnormal findings were not observed, the result was classified as normal.

### SOMA

SOMA was conducted by a well-trained speech-language pathologist who was separate from the therapist who conducted the VFSS. The test was implemented in the presence of the child\'s main caregiver. The child was seated in a comfortable position, and the test was administered and scored according to the SOMA manual created by Reilly et al.[@B8] The entire assessment lasted approximately 20 minutes per child. The test was conducted for 5 types of food (puree, semi-solids, solids, cracker, liquid-bottle, and liquid-cup). However, depending on the age and preference of the child, if a food type was determined to be unfit for consumption, the test was conducted using the remaining types of food. For the assessment category specified for each tested diet, the tester observed the given food category and assessed it as either \"yes\" or \"no\". Based on the criteria of the specified cutting score for each test diet, the abnormality score that was given determined the level of abnormal oral-motor function. When the score was less than the cutting score, test results were determined to be normal ([Appendix 1](#APP1){ref-type="app"}-[6](#APP6){ref-type="app"}). For all the test diets in which the assessment was done, the cases which showed normal oral-motor function with less than the cutting score were classified as normal by SOMA. Other cases with abnormalities above the cutting score in one test diet, were classified as abnormal by SOMA.

Statistical analysis
--------------------

SPSS 14.0 version for Windows (Chicago, USA) was used for statistical analysis. Statistical significance was defined as a p-value of less than 0.05. The consistency between the findings of SOMA and the oral phase of the VFSS was determined using Kappa value analysis.

RESULTS
=======

Clinical diagnoses for the children who were included as subjects in this study included 4 diagnoses of cerebral palsy (13%), 5 with other brain lesions (15%), 5 with epilepsy (15%), 2 with congenital heart diseases (6%), 2 with broncho-pulmonary dysplasia (6%), 5 with gastroesophageal reflux and gastrointestinal motility disorders (15%), 3 with developmental delay (9%), 2 with failure to thrive (6%), 2 with chromosomal anomalies (6%), and 3 with other conditions (9%) ([Table 1](#T1){ref-type="table"}).

The findings of SOMA were reasonably consistent with those of the oral phase of the VFSS (Kappa=0.419, p=0.023). In the case of the VFSS results, excluding the 6 children who were not able to complete the oral phase evaluation due to fear and crying, out of a total of 27 children, 24 (88.8%) were found to have abnormalities in the oral phase. Among those with abnormalities, 3 (12.5%) were classifed as normal by SOMA ([Table 2](#T2){ref-type="table"}). Of the total of 33 children with SOMA data, 26 (78.7%) showed abnormal oral-motor function. Again, excluding those children who were not able to complete the evaluation on the oral phase in the VFSS, 21 out of 22 children (95.4%) had both abnormal SOMA findings and abnormal findings in the oral phase in the VFSS.

In the case of those 6 children who were not able to complete the assessment of the oral phase of the VFSS, all oral-motor functions assessments were conducted successfully by SOMA. Four of these children were classified as abnormal by SOMA, and 2 were classified as normal. No statistical consistency was found between the findings of SOMA and those of the pharyngeal phase of the VFSS (Kappa=-0.105, p=0.509) ([Table 3](#T3){ref-type="table"}).

Compared with VFSS, SOMA was determined to have 87.5% sensitivity, 66.6% specificity, 95.4% positive predictive value, and 40.0% negative predictive value in the assessment of oral-motor dysfunction.

DISCUSSION
==========

The VFSS has been widely used as the standard test to diagnose dysphagia, and is divided into oral, pharyngeal, and esopharyngeal phases for observation by the tester. The presence of aspiration can be directly confirmed, and anatomical and functional problems in the oral and pharyngeal phase can be diagnosed.[@B13] However, the VFSS uses a fluoroscopic device, and due to the usually unfamiliar testing environment, it can instigate fear and discomfort in children. In many cases, the children are not able to cooperate during the test, and the test is frequently disrupted by crying or resistance. In such cases, the observation of the oral phase may be limited. Moreover, since barium is mixed into the test food, children may resist ingesting food, which is perceived to be different from their normal diet, and this may have considerable effects on the results of the oral phase evaluation. Therefore, such factors may cause the diagnosis of abnormalities in the oral phase of the VFSS to be inaccurate and the evaluation to be difficult in some cases.

Various assessment tools have been developed to evaluate oral-motor function in the clinical setting. SOMA is an assessment tool designed by Reilly et al.,[@B8] for the objective evluation of oral-motor functions in children, with proven reliability and validity in infants aged 8-24 months.[@B8],[@B9] For the 5 types of test diet, based on the cutting score after assessment in each category, subjects are classified into normal or abnormal oral-motor function groups. The Clinical Feeding Evaluation of Infants method devised by Wolf and Glass[@B14] is an oral-motor assessment tool for infants who are primarily breast- or bottle-fed. The Oral-Motor Feeding Rating Scale, devised by Jelm[@B15] can be divided into 6 grades, with scores ranging from 0 to 5 in each of the assessment categories, and can be used for patients ranging in age from 1 year to adulthood. However, the drawback of this diagnostic tool is that the information used to interpret results is lacking. The Exeter Dysphagia Assessment Technique (EDTA), devised by Selley et al.[@B16] can be used for subjects ranging from 2 years of age to adults, and is used to assess oral and pharyngeal abnormalities and breathing patterns during the process of swallowing a liquid. The Multidisciplinary Feeding Profile, designed by Kenny et al.[@B17], was developed for use in children aged 6-18, and is an assessment tool that is used mainly for children with severe feeding disorders, although not much information is provided on how to interpret results. The Developmental Pre-feeding Checklist, designed by Morris and Klein[@B18] is an evaluation tool for oral function mainly in infants aged 0-24 months, but the assessment catogories are numerous and the interpretation of results can be difficult. The Neonatal Oral-Motor Assessment Scale (NOMAS), devised by Braun and Palmer[@B19] is a tool with proven reliability and validity for the assessment of oral function in infants who bottle feed, and based on the scores generated by this test, subjects can be categorized into normal and abnormal groups. In the present study, the subjects mainly consisted of infants between the ages of 8 and 24 months. Our choice of diagnostic instruments (SOMA) has made it possible to include an assessment of various textures of food, and information on how to interpret the results is provided. Furthermore, SOMA has a proven track record of reliability and validity.

In this study, the findings from the SOMA and the VFSS showed a reasonable consistency in revealing abnormalities (Kappa=0.419, p=0.023). Compared with the VFSS, SOMA displayed 87.5% sensitivity, 66.6% specificity, 95.4% positive predictive value, and 40.0% negative predictive value for the diagnosis of oral-motor dysfunction. In this particular study, 6 out of 33 children were not able to complete their oral phase evaluation by VFSS due to resistance such as crying. SOMA allowed the successful evaluation of oral-motor function for these children. Moreover, 3 out of 24 subjects (12.5%) with abnormalities observed in the oral phase of the VFSS showed normal oral-motor function in the SOMA. It is thought that children with normal oral-motor function were found to have abnormal findings due to their resistance during the VFSS. Based on such results, when evaluating oral-motor function in children whose cooperation cannot be obtained for the VFSS, it is safe to say that SOMA can replace VFSS as a useful diagnostic tool. However, it would be difficult to use SOMA to accurately evaluate the the presence of abnormalities in the pharyngeal phase (such as aspiration), and thus, for children suspected of dysphagia, both SOMA and VFSS can be conducted for a more accurate diagnosis in the oral and pharyngeal phases.

SOMA is a scale with proven validity for the evaluation of oral-motor function in children between the ages of 8 months and 24 months,[@B8],[@B9] and in this study, 25 out of 33 children were aged 8-24 months at the time of testing. The remaining 8 children deviated from this age group, which presents the possibility of error with the interpretation of SOMA results in these children. Furthermore, the number of testing categories assessed for the 5 types of test diets used for SOMA varies in a significant number of children depending on the age and preference of children, presenting a limitation in the sense that the severity of the deterioration in oral-motor function may not be correctly assessed. Despite such limitations, this study has clinical significance in being the first study to compare the VFSS, which is currently widely used as the standard assessment tool for dysphagia, and SOMA, which is a clinical scale of oral-motor function, and proves that these two assessment tools can be used complementarily.

CONCLUSION
==========

The findings of SOMA were consistent with those of the oral phase of VFSS conducted in children who had been referred for VFSS for dysphagia. Children who were not able to complete the evaluation of the oral phase of the VFSS due to poor cooperation could be assessed for oral-motor function using SOMA. Thus, it was determined that for children with dysphagia, SOMA is a useful diagnostic tool in evaluating oral-motor dysfunction, and when used complementarily with the VFSS, dysphagia can be more comprehensively assessed.
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Clinical Diagnosis of the Children Enrolled in This Study
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BPD: Broncho-pulmonary dysplasia, GERD: Gastroesophageal reflux disease, GI: Gastrointestinal, FTT: Failure to thrive
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Comparison between SOMA and VFSS Oral Phase
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SOMA: Schedule for oral-motor assessment, VFSS: Videofluoroscopic swallowing study

Kappa=0.419, p=0.023, sensitivity: 87.5%, specificity: 66.6%, positive predictive value: 95.4%, negative predictive value: 40.0%
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Comparison between SOMA and VFSS Pharyngeal Phase
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SOMA: Schedule for oral-motor assessment, VFSS: Videofluoroscopic swallowing study

Kappa= -0.105, p=0.509
